OBJECTS: Hydrogen has been shown to possess antibacterial effects at high concentrations. In addition, chlorine has a strong bactericidal effect even at low concentrations. Electrolysis is a way to simultaneously generate these two components. However, the concentration of hydrogen/free chlorine mixed water generated through electrolysis decreases quickly. It is predicted that the concentration of hydrogen/free chlorine mixed water will vary depending on the quality of water used. After investigating the optimum generation conditions, the effects of the most stable concentration of hydrogen/free chlorine mixed water on carious tooth fungus were evaluated in vitro. Thus, in this experiment, our goal was to evaluate the effects of hydrogen/free chlorine mixed water on oral bacteria. MATERIALS AND METHODS: Using a device that generates hydrogen/free chlorine through electrolysis, the differences in the concentrations of hydrogen and free chlorine based on electrolysis time were evaluated using tap water. Additionally, various concentration changes due to electrolysis time on the hydrogen/free chlorine mixed water were evaluated. Distilled tap water as a control group, hydrogen/free chlorine mixed water, and commercially available mouthwash were added for 1 minute to Health on electrolysis time and the water used. The inhibitory effect of bacterial growth was enhanced depending on the chlorine concentration. Regarding the inhibitory effect on biofilm formation, only the mixed water of hydrogen/free chlorine concentration (500 ppb -1.0 mg/L) had a suppressing effect after 6 hours. CONCLUSION: It was suggested that hydrogen/chlorine mixed water can be easily produced by electrolysis and has the effect of suppressing the growth of dental caries; therefore, it could be used as a cleaning agent in oral care products.
cultured Streptococcus mutans and then rinsed out with the culture medium.
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Introduction
Periodontal disease and dental caries are diseases caused by bacterial infections.
Many bacteria stagnate at the boundary between the teeth and the gums, which are difficult to clean; thus, the margin of the gingiva becomes inflamed and red, causing swelling. A prevention method is the daily removal of bacteria using a toothbrush. A new preventive method is the application of a high concentration hydrogen water, which has verified antibacterial action [1] [2] .
Another substance with bactericidal activity, chlorine, has also long been a part of our daily lives [3] . It has been reported that chlorine has bactericidal activity in the oral cavity by making chlorine water soluble and using the hypochlorous acid electrolyzed water. It has been reported that it has high bactericidal action, and is sold as a cleaning solution for the oral cavity [4] .
Many items, such as toothbrushes and cups for oral care, are sold. Some products that have been researched and commercialized have antimicrobial properties [5] [6] . However, at the time of use, they are lightly rinsed with tap water. It is expected that the bacteria will be orally ingested via the care products.
We propose that we need equipment that can easily clean these oral care items before and after use.
We suspect that the antimicrobial action of hydrogen water enables more effective prevention of bacterial growth. However, hydrogen gas and hydrogen water at concentrations exceeding 1000 ppb have been used for research to date [1] [2] . The generation of higher concentrations of hydrogen gas and hydrogen water tends to require large-scale equipment, and the hydrogen concentration tends to decrease. Electrolysis is effective for generation and such application.
Water generated by electrolysis using tap water also includes free chlorine. Therefore, not only hydrogen but also the bacterial growth-suppressing effect of free chlorine is expected.
In this experiment, we used a device that generates hydrogen/free chlorine mixed water from water by non-diaphragm electrolysis using the same material for the anode and the cathode. The device was divided into a total of 5 parts: 1) a Health tank part for saving water, 2) the first and second electrodes provided in the container, and a power source to supply DC power to the first and second electrodes, 3) a DC power supply, and a switching mechanism that switches the plus (+) polarity and minus (−) polarity of the power supply, 4) a sensing mechanism, which measures impedance of water, and 5) a control mechanism that receives detection signals for water impedance and controls the electrolysis of water.
The stability and the bactericidal ability considered necessary for making a detergent for keeping oral care equipment clean are not clear. In this experiment, the stability and bactericidal activity of hydrogen/free chlorine mixed water were evaluated.
Materials and Methods

Hydrogen/Free Chlorine Mixed Water Generator
A hydrogen/free chlorine mixed water generator manufactured by Flax Co., Ltd.
was used for all experiments (Figure 1 ).
Evaluation of Differences in Hydrogen/Free Chlorine Concentrations According to Electrolysis Time
Electrolysis was carried out for 0.5, 1, 3, and 5 minutes using tap water from Yokohama, Saitama and Tokyo in Japan. After electrolysis, the hydrogen concentration and the free chlorine concentration of the hydrogen/free chlorine mixed water were measured using a hydrogen concentration measuring instrument (KM2100 DH, Kyoei Denshi Kenkyuujo, Japan) and a chlorine concentration measuring instrument(Residual Chlorine Analyzer OR-54, Organo Corporation, Japan).
Evaluation of Concentration Changes of Generated Hydrogen/Free Chlorine Mixed Water Caused by Time
Electrolysis was conducted for 3 minutes using tap water from Yokohama, Saitama and Tokyo in Japan. After electrolysis, the hydrogen concentration and the free chlorine concentration of the hydrogen/free chlorine mixed water were measured using the aforementioned concentration measuring instruments. Hydrogen concentration and free chlorine concentration were measured immediately at 0, 30, 60, and 180 minutes after electrolysis.
Bacterial Growth and Biofilm Inhibition Tests
To adjust the concentration of free chlorine, 9 μL, 13 μL, and 16 μL 5% sodium hypochlorite were added to 200 mL of sterilized tap water to prepare test solutions for each evaluation group. Streptococcus mutans was inoculated and allowed to stand and culture overnight in the open air. Then, 500 μL of bacteria was removed, washed with 1 mL of PBS, and exposed to 1 mL of each test solution for 40 seconds. The test solution was removed, the bacteria were diluted Health Two-hundred microliters of 33% acetic acid were added, vortexed for 15 minutes, and 180 μL of the staining solution was transferred to a 96-well plate. Absorbance at 600 nm was measured with a microplate reader to evaluate bacterial growth. Additionally, 100 μL was taken from each well and the absorbance at 590 nm was measured with a spectrophotometer to detect biofilm formation.
Statistical Analysis
Significant differences were determined using Student's t-test for equi-dispersive data and the Welch t-test was used for data with unequal variance. A p value less than 0.05 was considered statistically significant.
Result
Evaluation of the Difference in Hydrogen/Free Chlorine Concentration According to Electrolysis Time
No hydrogen was detected in tap water. However, various concentrations of chlorine were detected from high to low concentrations. It was confirmed that chlorine concentration changed with each area. It was confirmed that the hy-Health drogen concentration varied depending on the time of electrolysis. Free chlorine concentration showed an increasing trend according to electrolysis time ( Figure   2 ).
Evaluation of Various Concentration Changes Because of the Time Following the Generation of Hydrogen/Free Chlorine Mixed Water
It was confirmed that the hydrogen concentration and free chlorine concentration decreased over time (Figure 3, Figure 4 ).
Bacterial Growth Test and Biofilm Inhibition Tests
In the bacterial growth inhibition test, there was no significant difference in bacterial growth between the hydrogen/free chlorine mixed water (500 ppb -0.08 mg/L) addition group and the distilled tap water (0 ppb -0 mg/L) addition group. In the case of the hydrogen/chlorine mixed water (500 ppb -(0.3 -1.0) mg/L) group with chlorine artificially added, suppression of bacterial growth was confirmed even 6 hours following the addition ( Figure 5 ). In the biofilm formation suppression test, there was no difference between the group with hydrogen/free chlorine mixed water (500 ppb -(0.08 -0.6) mg/L) and the distilled tap water addition group 6 hours after the addition ( Figure 6 ).
In the group with the hydrogen/free chlorine mixed added (500 ppb -1.0 mg/L), there was a significant difference compared with distilled tap water addition group in biofilm formation 6 hours following the addition.
Discussion
Physical plaque control by teeth brushing is an effective means of preventing the progression of oral diseases. In addition, teeth can be polished and mouth wash used daily [7] . However, cleaning the oral cavity with a toothbrush is the mainstream cleaning method used by most people. After brushing of teeth, the toothbrush is left in a wet state and is reused without washing. If the toothbrush is left in a situation where bacteria are likely to propagate, the bacteria will proliferate and the toothbrush itself will become a medium for carrying bacteria into the oral cavity [8] . It is known that the Streptococcus mutans used in this study may cause dental caries, and that this bacterium not only grows on but also forms a biofilm on teeth, which is difficult to remove. Hydrogen water exhibits antibacterial activity towards oral bacteria, such as Streptococcus mutans, Fusobacterium nucleatum, Porphyromonas gingivalis, and Tannerella forsythia, which are associated with oral diseases [9] . Although the effect of suppressing the growth of bacteria by hydrogen has been reported, it was caused by hydrogen at a concentration exceeding 1000 ppb. When electrolysis was conducted with the equipment used in this experiment, the hydrogen concentration of 1000 ppb or more did not occur. When water with a higher degree of electrolysis than tap water is used, higher concentrations of hydrogen can be achieved. However, we considered that tap water was most suitable for everyday use, and in this study, we conducted experiments using tap water in a more realistic usage environment. As a result, it achieved a value exceeding 500 ppb, 3 to 5 minutes after electrolysis. When water with a hydrogen concentration exceeding 500 ppb was prepared, the hydrogen concentration decreased to 500 ppb in approximately an hour. However, while producing water with high hydrogen concentration, electrolysis takes longer. Considering the time taken for electrolysis and the time taken for brushing teeth, 3 minutes of electrolysis was considered as being the most suitable. At the hydrogen concentration of 500 ppb determined in this experiment, the growth inhibitory effect on Streptococcus mutans and the biofilm formation inhibitory effect were not confirmed. These results suggested that the growth of Streptococcus mutans and the inhibition of biofilm formation were not demonstrated unless a high concentration of hydrogen was used.
There is generally a more effective bactericidal effect than that of hydrogen when chlorine is present in the substance [3] . Additionally, chlorine is used in Japan's tap water for the purpose of sterilization; according to the WHO (World Health Organization) drinking water quality guidelines, the value for chlorine is set at 5 mg/L [10] . This guideline value represents the concentration that does not affect human health even if the water is drunk for the lifetime. The tap water we used was managed such that the residual chlorine concentration was always 0.1 mg/L or more. As defined by the Waterworks Law, the target value of the water quality control setting of 1 mg/L or less can always be secured at the tap.
When tap water is poured into the hydrogen generator used in this experiment to generate hydrogen, free chlorine is generated simultaneously. Because distilled water was used in this experiment, only a trace amount of free chlorine was generated. It was confirmed that 0.5 mg/L of free chlorine was generated for approximately 500 ppb of hydrogen when tap water was used with our equipment.
The value of this free chlorine is within the regulation stipulated by the WHO.
In this experiment, it was confirmed that each time the chlorine concentration was increased, increased effects of bacterial growth suppression and inhibition of biofilm formation were exhibited. When a high chlorine concentration was provided in the tap water, a bactericidal effect was expected, but it was desirable to use a device to provide a chlorine concentration that had a stable sterilizing effect. Using tap water is very convenient, but because it does not have a constant chlorine concentration, there will be a difference in the free chlorine concentration. To increase the concentration of chlorine, electrolysis is suggested as an effective and simple method.
Conclusion
From this experiment, the chlorine concentration in the hydrogen/free chlorine mixed water produced by electrolysis using tap water increased and decreased depending on the quality of tap water. It is suggested that if the chlorine concentration could be kept constant, it would have a bacterial growth suppression and biofilm formation inhibition effect. This suggests that hydrogen/free chlorine mixed water may be useful as a cleaning solution for oral care products.
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